To assess the chronological changes in urinary incontinence and urethral function before and after radical prostatectomy (RP), and to compare the findings of pelvic magnetic resonance imaging (MRI) before and after RP to evaluate the anatomical changes.
Introduction
Radical prostatectomy (RP) is the standard treatment for localized prostate cancer. One of the primary complaints regarding quality of life after RP is urinary incontinence [1] , which is at its maximum immediately after RP, but decreases chronologically [2] . The main cause of urinary incontinence after RP is urethral sphincter dysfunction [3] . Chronological urodynamic evaluation before and after RP showed that the mean maximum urethral closure pressure (MUCP) immediately after RP declined to 40% of the preoperative level and returned to 75% of the preoperative level at 1 year after RP [4] . In addition, abdominal leak point pressure (ALPP) immediately after RP decreased compared with that before RP and recovered at 1 year after RP [4] . The mechanism underlying chronological reduction of urinary incontinence after RP, however, remains unclear.
We assessed the chronological changes in urinary incontinence and urethral sphincter function before and after RP and compared the findings of pelvic MRI before and after RP to evaluate any anatomical changes. Furthermore, we investigated the predictive factors for urinary incontinence after RP.
Patients and Methods

Patient Population
Patients with clinically localized prostate cancer undergoing RP at Kanazawa University Hospital (Japan) between November 2011 and June 2016 were included in the study, which was approved by the institutional ethics committee. The patients underwent robot-assisted RP. All patients provided written informed consent, and all data were prospectively collected. Patients who received pre-or postoperative androgen deprivation therapy and/or radiotherapy were excluded. Participants were taught pelvic floor muscle exercises, which began 1 month preoperatively and continued postoperatively until urinary continence was recovered. PSA levels were evaluated before prostate biopsy, and Gleason score was determined at biopsy. The removed prostate weight was assessed immediately after surgery. The International Consultation on Incontinence QuestionnaireShort Form (ICIQ-SF) [5] was used as an incontinencespecific questionnaire before RP.
Robot-Assisted Radical Prostatectomy
We performed robot-assisted RP via a transperitoneal approach. Nerve-sparing (NS) procedures, such as inter-or intrafascial dissection, were performed depending on cancer status [6] . The dorsal venous complex was athermally divided without ligation and sutured for haemostasis after division. While dividing the urethra and prostate, the urethral stump was left as long as possible; however, the division was performed at the normal position depending on cancer status (Fig. 1) . The cases in which the urethra was transected at the nearest point of the prostate (shown at line B in Fig. 1 ) were included in the long urethral stump group, while the remaining cases were included in the normal urethral stump group. The double-layered posterior reconstruction was executed before urethrovesical anastomosis [7] , which was performed using a running suture with a double-armed 3/0 poliglecaprone 25. Urethral catheters were removed 6-8 days postoperatively after cystographic evaluation.
MRI and DMU to Pelvic Outlet Distance
We performed MRI with the 1.5-T MRI system (Sigma HDx; GE Medical Systems, Milwaukee, WI, USA) using a SENSE Flex-M coil (Philips Medical Systems, Amsterdam, the Netherlands) preoperatively~3 days after catheter removal and~12 months after RP. The following landmarks were defined to evaluate the perpendicular distance from the DMU to the midline of the pelvic outlet (DMU-PO): the midline of the pelvic outlet was defined as the line between the bottom edge of the pubic bone and the lowest end of the coccyx. As we reported previously [8] , the DMU-PO distance was defined as the perpendicular distance from the most proximal attachment point of the urethra and bulb of the penis to the midline of the pelvic outlet (Fig. 2) . The DMU-PO distance was measured using the MRI slice in which the urethra was best observed by magnified sagittal, first-spin, echo T2-weighted imaging (repetition time, 3 200 ms; echo time, 113 ms; slice thickness, 3 mm), and the value was rounded up to 1 mm. The sagittal MRI slice, in which the difference between the urethra and the lowest end of the coccyx was best observed, was used to mark the lowest end of the coccyx. Next, the view was shifted to the sagittal MRI slice in which the urethra was most visible, and the midline of the pelvic outlet was drawn from the mark denoting the lowest end of the coccyx to the bottom edge of the pubic bone. MRI was performed 30-60 min after urination, and the estimated bladder capacity in each patient was 30-100 mL based on the MRI results. The migration distance of the DMU was calculated using the following formula: DMU-PO distance before RP À DMU-PO distance at 10 days after RP.
Urodynamic Studies and Assessment of Urinary Incontinence
Urodynamic experiments were performed according to the Good Urodynamic Practice Guidelines of the ICS [9] . For static urethral pressure profilometry (UPP), a 6-F, doublelumen, Nelaton transurethral catheter was removed at a rate of 60 mm/min using an electronic puller with a perfusion rate of 2 mL/min with a standard saline solution (37°C). MUCP was calculated using UPP, which was performed 1-2 days preoperatively,~3 days after catheter removal, and 1 year after RP. MUCP at 10 days after RP was defined as post-MUCP, and the falling rate of MUCP was calculated using the following formula: post-MUCP/pre-MUCP. The micturition volume and weight of urine loss in the pads were separately assessed for 24 h at 10 days after RP. The urine loss ratio (ULR) was calculated using the formula: urine loss/ (urine loss + micturition volume). The 24-h pad test at 12 months after RP was conducted as follows: patients were provided with a platform scale and asked to weigh the pad before and after use. Subsequently, the difference in weights was determined. The test was conducted three times before the operation. The overall 24-h pad test result was defined as the average increase in pad weight over the three tests [10] . The ALPP test was assessed at a volume of 150 mL (or half bladder capacity if the capacity was ≥300 mL) using a rectal monitor with urethral catheter removal. A cough or Valsalva manoeuvre was performed at least five times, and ALPP was defined as the lowest pressure inducing visible incontinence. If no incontinence was observed with an abdominal pressure of >100 cm H 2 O, then ALPP was defined as 'negative' [11] .
Statistical Analysis
The categorical variables used for calculating the incidence and percentage of each factor and continuous variables were summarized as mean AE SD values. Pre-and postoperative variables were compared using the paired Student's t-test. Correlations within each variable were calculated using the Spearman's rank correlation test. Correlation coefficients were interpreted using Cohen's guidelines (small correlation, 0.1-0.3; medium, 0.3-0.5; and large, 0.5-1.0) [12] . Univariate and multivariate analyses were used to establish which predictor variables were significantly associated with ULR at 10 days and 24-h pad weight test at 12 months after RP. The urine loss variation immediately after RP in each patient was attributed to not only the volume of urinary incontinence but also to the variation in each micturition volume. The predictor variables were analysed for ULR at 10 days after RP. A linear regression analysis was performed for the continuous variables. Subsequently, a multivariate analysis was conducted for variables with P < 0.2 in the univariate analysis. All data analyses were performed using SPSS for Windows (SPSS Inc., Chicago, IL, USA). P < 0.05 was considered statistically significant.
Results
Of the 198 consecutive patients enrolled in this study, 10 who underwent adjuvant androgen deprivation therapy or radiotherapy and three who did not complete the 1-year follow-up were excluded; thus, 185 patients were evaluated. No patient had grade III or greater complications of RP according to the Clavien classification. Table 1 shows the demographics of the study population. Because catheters were removed after a median period of 7 days after RP, the first postoperative MRI was performed at a median of 10 days after RP. Figure 3 shows both pre-and postoperative MRI at 10 days and 12 months after RP. The DMU-PO distance at 10 days after RP was shorter than that measured preoperatively (mean shortening, 4 mm; Fig. 4A) ; however, the shortening was reversed at 12 months after RP (Figs 3 and 4A ). The volume of urinary incontinence calculated by the 24-h pad weight test increased at 10 days after RP and decreased at 12 months after RP, although it did not recover to the preoperative level (Fig. 4B) . Moreover, the mean MUCP of 84 patients who underwent UPP three times decreased compared with that before RP and 10 days after RP, but recovered between catheter removal and 12 months after RP, although not to preoperative levels (Fig. 4C) . In addition, the number of positive results for the ALPP test increased at 10 days after RP and decreased at 12 months after RP, although it did not recover to the preoperative level (Fig. 4D) . We investigated the correlation factors with the migration distance of DMU at 10 days. The NS procedure, residual length of the urethral stump and ULR were significantly associated with the migration length of DMU at 10 days after RP, with the residual length of the urethral stump showing large correlation (Table 2 ). Both UPP and MRI were performed in 53 cases in this study. The correlation coefficient between the falling rate of MUCP and migration distance of DMU was À0.404 (P = 0.003). On multivariate analysis, NS and residual length of the urethral stump were significant predictors for not only ULR at 10 days after RP but also the 24-h pad test weight at 12 months after RP (Table 3) .
Discussion
This is the first study to investigate the pelvic anatomical changes after RP that cause chronological recovery of urinary continence. Corroborating our previous report, a comparison of pre-and postoperative MRI in the present study showed that the membranous urethra was proximally retracted immediately after RP and returned to its former preoperative position 12 months after RP (Figs 3 and 4A) [8] . As the bladder is loosely fixed by the vascular pedicles and connective tissues, some resistance occurs for the bladder to be shifted toward the bottom of the pelvis after prostate removal. In addition, the urethral stump retracts toward the bladder after urethrovesical anastomosis. As the urethra pierces the urogenital diaphragm with a loose connection, it can be slightly pulled proximally. The urogenital diaphragm, which is a membranous muscle that is not adequately firm, is fixed to the pelvic bone; therefore, the urogenital diaphragm and membranous urethra can move somewhat vertically. Based on the MRI results, the urethral bulb proximally retracted at 10 days after RP, thereby lifting the membranous urethra and urogenital diaphragm toward the head. A comparison of the MRI results at 10 days and 12 months after RP showed that the bulb of the penis almost returned to its preoperative position. Hence, the tension in the vascular pedicles and connective tissues, which pull the bladder proximally, may have chronologically loosened. Also, MRI results showed that the membranous urethra was proximally lifted at an average of~4 mm at 10 days after RP. Similarly, the internal urethra moved closer to the pelvic outlet at 10 days and 12 months after RP (Fig. 3) .
Reportedly, the mechanism of urinary incontinence after RP is affected by the urethral sphincter function deficiency [3, 4, [13] [14] [15] . Our results suggest that the retraction of the membranous urethra toward the head might disperse the urethral closure pressure, thereby causing urinary incontinence. When the retracted urethra returns to its preoperative position over time, the standard urethral closure pressure can recover and relieve urinary incontinence (Fig. 5) . Furthermore, UPP and ALPP test results showed that MUCP decreased at 10 days after RP and recovered at 12 months after RP (Fig. 4C) . Notably, the positive cases of the ALPP test increased at 10 days after RP and decreased at 12 months after RP (Fig. 4D) . Only appropriate position of the urethral sphincter could generate the maximum closure pressure to avoid urinary incontinence; however, because of considerable changes in the pelvic anatomy after RP, urethral sphincter function might not recover to preoperative levels even if the membranous urethra returns to its previous position (Fig. 4C,D) .
Because the loosened pelvic floor muscle causes the migration of the urethral sphincter distally in older women, the decreased urethral closure pressure and urethral closure dysfunction during abdominal stress caused by urethral hypermobility lead to female stress incontinence [16, 17] . We showed that the urethral sphincter migrates proximally after RP, thereby increasing urinary incontinence. Consequently, the urethral sphincter functions appropriately only when in an appropriate position.
Consistent with previous reports [18, 19] , the present results show that leaving the urethral stump as long as possible at the transection between the urethra and the prostate possibly had a positive impact on urinary incontinence after RP. Furthermore, our investigation of the correlation with DMU position showed that a long urethral stump at the transection between the urethra and prostate was significantly related to little DMU migration. Because little migration of the urethral sphincter prevents a reduction in its function at 10 days after RP, there is a reduction in urinary incontinence ( Table 2 ). The present study suggests that NS and long residual length of the urethral stump were significant predictors for decreasing urinary incontinence not only 10 days after RP but also 12 months after RP (Table 3) . NS helps in preventing urinary incontinence not only immediately after RP but also long after RP [20] and in reducing the urethral closure pressure, thereby decreasing urinary incontinence after RP [11] . The intrapelvic structure around the prostate was preserved more after an NS than after a non-NS procedure because the prostate was resected nearer the line of the prostate in NS than in non-NS. After RP, the intrapelvic structure was eliminated as a result of prostate removal. As NS and the transection of the urethra to the nearest point of the prostate contribute to preserving the existing structure to a large extent, urinary function is preserved maximally.
The present study has some limitations. First, the amount of urinary incontinence may widely vary immediately after RP because it was greater just after RP and was profoundly affected by the total amount of urine or daily activity. We analysed the predictive factors for urinary incontinence with regard to ULR rather than the total volume of urinary incontinence to exclude the effect of the total urine volume. Second, the transection position between the urethra and prostate was not randomized and was determined by cancer status. In addition, the transection position was not strictly defined in each group. Finally, because the urethral sphincter length was initially not similar in each patient, the length of the residual urethral stump in each patient could not be evaluated. Although the width and depth of the handling of a needle at urethrovesical anastomosis might affect the results, these factors were not evaluated in the present study.
In conclusion, to the best of our knowledge, this is the first report to elucidate that slight vertical repositioning of the membranous urethra after RP causes chronological changes in urinary incontinence. The anatomical changes induced by RP could explain the postoperative, chronological recovery of urinary continence. These results show that a long urethral residual stump can reduce urinary incontinence after RP.
